SUMMARY Low birthweight infants were given calcium enriched in 46Ca in a single feed. The specific activity of successive urine samples showed that the absorption of the marker was largely complete in about 4 hours. The rate of decrease of urinary specific activity after 31 hours was Endogenous faecal excretion E is the difference between true absorption from the intestine A and retention plus urinary excretion R + U. A marker for natural calcium added to a single feed enables A for calcium, and therefore E, to be measured; this was done in 9 low birthweight infants using 46Ca as the marker (Barltrop et al., 1977) . With a feed of a given composition, A (intestinal absorption) was found to depend simply on calcium intake, but E (endogenous faecal excretion) was highly variable and seemed to be a characteristic of an individual infant. Investigation of the reasons for variability in E may throw light on important aspects of calcium metabolism in the infant. Successful use of the marker method depends on more than analytical accuracy, and this report deals with additional information obtained in the course of the pilot study referred to above. An important practical question is whether a collection period limited to 48 hours is adequate for urine and faeces.
Endogenous faecal excretion E is the difference between true absorption from the intestine A and retention plus urinary excretion R + U. A marker for natural calcium added to a single feed enables A for calcium, and therefore E, to be measured; this was done in 9 low birthweight infants using 46Ca as the marker (Barltrop et al., 1977) . With a feed of a given composition, A (intestinal absorption) was found to depend simply on calcium intake, but E (endogenous faecal excretion) was highly variable and seemed to be a characteristic of an individual infant. Investigation of the reasons for variability in E may throw light on important aspects of calcium metabolism in the infant. Successful use of the marker method depends on more than analytical accuracy, and this report deals with additional information obtained in the course of the pilot study referred to above. An important practical question is whether a collection period limited to 48 hours is adequate for urine and faeces.
Materials and methods These were as described by Barltrop and Sutton (1972) and Barltrop et al. (1977) . Three different milks were used differing only in their content of Ca and P. Calcium-46 marker was added to a single feed to which carmine was also added. 48 hours later carmine was added to a feed for the second time. The first faecal specimen to be collected was the Received 6 May 1976 first to contain carmine and in the studies reported here all subsequent faecal specimens up to and including the second carmine-marked stool were retained and assayed individually. In these subjects all urine collections were also individually assayed.
A capillary blood specimen was taken by heel prick about 2 hours after the marked feed and collected into a heparinized tube. The greater part of the separated plasma was dried thermally, ashed, and used for measurement of 46Ca. Natural Ca was measured in an aliquot of unashed plasma by atomic absorption spectrophotometry. The marker 4"Ca was measured by conversion into radioactive 47Ca in a neutron flux and radioactive counting.
Results and discussion
Change in urinary specific activity with time after administration of marker. In the earlier studies each urine and faecal specimen was assayed separately. The Fig. shows how the urinary specific activity (SA), i.e. ,ug marker Ca per mg natural Ca, increased with time after the marked feed was given, reaching a maximum about 4 hours later and then falling exponentially for as long as observations were made. The time interval for a reduction of 50 % in urine SA was in the range of 9-14 hours for 5 measurements on milk H and 10-11 hours for 3 measurements on milk M. (Milks H and M were identical except for their content of Ca: Barltrop et al., 1977) . The rate of fall of urinary SA with time showed that 48 hours was an adequate collection 50
Urinary and faecal excretion of marker calcium (46Ca) by low birthweight infants 51 Renal clearance. Renal clearance, expressed as: Urinary Ca or 46Ca excreted per unit time Ca or 46Ca/l plasma was estimated by relating the blood sample either to the urine specimen excreted immediately after the blood sample was obtained or to the sum of two urine specimens, that preceding and that succeeding the blood sample.
Renal clearances for natural Ca and for 46Ca were closely correlated (Table 1) . Reasonably similar values were obtained in repeat measurements on Cases 9 and 11. The fivefold variation in renal clearance between different infants has no immediate explanation. Renal and endogenous faecal excretions might be closely correlated since both are determined by the specific activity of the plasma, but this is not borne out by the data (Table 1) .
Variations between infants in active secretion of calcium into the intestine would diminish the correlation of E with renal filtration rates. Exchangeable pool of calcium. As discussed by Aubert et al. (1963) and Marshall (1969) , the exchangeable pool of calcium is not a well-defined physiological entity. Nevertheless, its magnitude as determined by calculating the dilution of a known 10
/ ---o==~~~--9
(1) 0~~~~~~~- Overall mean 9-4 35 29
Note: All renal clearances were determined a few hours after administration of marker (cf. Fig.) (Barltrop et al., 1977) and urine SA can be regarded as a good measure of plasma SA, as already noted. After oral administration, absorption into the blood is not likely to begin until after some delay and it is not likely to have the kinetics of simple nonexchangeable transfer from one compartment (the lumen of the upper intestinal tract) to another (blood and extracellular fluid). As a compromise the time chosen for extrapolation was 1 hour after the midpoint of administration of the marked feed which in each case was completed within 30 minutes. Values of exchangeable Ca determined in this way are given in Table 2 . Values derived from the SA at i or 2 hours are similar. A practical problem is to know which urine SA values to exclude from the calculation of the best fitting exponential slope. After inspection of the data (Fig.) all values obtained before 31 hours were excluded and all points after and including those at 3l hours were used.
The data for 8 observations on 6 infants are given in Table 2 . 5 infants gave values for the exchangeable pool of Ca in the range 140-200 mg/kg body weight. The sixth infant (Case 9) gave values twice as great on two occasions. The unusual features of both studies on this infant as compared with the other subjects ( Fig.) were the higher value of plasma SA than of urine SA at the same time and the fact that the extrapolated line relating log urine SA and time went so close to the measured value of plasma SA. The data of Table 3 may suggest that the marker was exceptionally rapidly excreted into the bowel on each of the two occasions. However, there is really no explanation of how plasma SA could be so much greater than urine SA, and the values of exchangeable Ca for Case 9 (1) and (2), derived from urine SA (Table 2 ) must be suspect. Excluding the values for Case 9 (1) and (2) a mean value of 190 mg exchangeable Ca/kg body weight is obtained for these low birthweight infants.
A somewhat greater value of 312 mg Ca/kg body weight was given by Hoffenberg et al. (1964) for normal infants of mean weight about 9 kg and likely to be more mature than the infants studied here with body weights about 2 kg. et al., 1977) , SA plasma taken to equal SA urine at I hour determined by extrapolation from calculated regression of SA urine on time since administration of marker (Fig.) . tFor subjects on milk M values for true absorption A are not available and net absorption (R + U) is taken as the nearest approximation. Thus the values of the exchangeable pool for these subjects will be erroneously low in proportion to the magnitude of their endogenous faecal excretion since A=R+ U+E. tThe same values for daily intake and excretion of natural Ca were used for each calculation on a given subject. I< 10 ,ug (see text).
Completeness of faecal collection of marker. The Specific Specific where E= endogenous excretion into the bowel. The intake is a single feed containing marker and its specific activity is therefore unambiguous. Specific activity of urine and faeces, however, must depend on the duration of collection of urine and of faeces, since output of marker steadily decreases with time. The output rate of natural calcium is assumed to be constant both in urine and faeces. As equation (1) shows, any underestimate of the faecal content of marker will lead to an overestimate of E, and, because retention= A-(E+ U), to an overestimate also of A, the true absorption of natural calcium. Small errors in faecal content of marker lead to proportionately larger errors in A and E, as the equation above shows, because the specific activity of urine will always be only a few per cent of the specific activity of the intake in the marked feed.
There are no difficulties in principle in collecting all the urine excreted in the 48 hours succeeding the marked feed while avoiding contamination by urine earlier or later than this but faecal collection is less straightforward. In order to ensure as far as possible the completeness of faecal collection, a carmine marker was given in the feed containing the marker and again in the feed given exactly 48 hours later. The faecal samples from the first marked with carmine to the last before the second sample marked with carmine taken together therefore represent the physiological equivalent of 48 hours excretion whatever the actual interval of time over which they were collected or the rate of intestinal transit.* Nevertheless, the second specimen containing carmine might contain some faeces belonging to the intended collection period depending on how the intestinal contents are mixed in their passage through the gut. This is a source of little error where natural calcium estimations are concerned since a similar mixing can be expected to affect the first carminemarked specimen. On the other hand it could be a specific source of underestimation of faecal output of calcium marker. Table 3 shows how the cumulative total of faecal marker increased with time after the marked feed had been given. In 4 of the 8 cases as much as 20 % or more of the marker was excreted in the last of the specimens making up the 48-hour collection.
Nevertheless, no marker was detected in later specimens in the 5 cases examined at later times. The proportionately large effect on A and E of small deficiencies in faecal marker is shown in Table 3 for Cases 9 (1) and 8 where the last specimen examined contained 14 and 17% respectively of the *The diagram of the procedure in Barltrop and Sutton (1972) applied only to the first 2 infants examined when the overall collection period for natural calcium was 72 hours and for marker calcium was 48 hours. total marker excreted. Omitting these led to an increase in E by a factor of 2 and 4 and in A by a factor of 1 -3 and 1 5 respectively. The calculated values for endogenous faecal excretion of the marker were also changed by large factors. The possibility of errors arising from incomplete faecal collection is emphasized by Case 10 who excreted 90% of his marker in the last of the specimens making up his 48-hour collection. His data would certainly have been suspect, especially because the endogenous faecal excretion of the marker was relatively large, had not his faecal specimens over a further 24 hours been separately analysed.
It may seem surprising that marker was no longer detectable in the faeces after 48 hours, where it had been present in mg amounts, whereas it could be detected in urine in fractions of 1,Lg. The reason is that 46Ca is present to the extent of -3 ,ug in every faecal specimen quite apart from marker administration in the feed because its natural abundance is about 3 x 10-5, that is about 3 ,ug 46Ca in every 100 mg of natural Ca. The marker contained 3 5% 46Ca (Barltrop and Sutton, 1972) so that when 2 mg was given in a marked feed the amount of 46Ca given was 70 ,tg. Urine assays are two orders of magnitude more sensitive than faecal assays simply because the mass of natural calcium in a urine collection is two orders of magnitude less than in a faecal sample.
In retrospect it would have been an improvement in the method always to have analysed the second carmine stool in order to show that no marker was detectable and therefore that there was no methodological defect. The results in Case 3b where this was not done (and which are not included in Table 3 because all his faecal specimens were pooled) may be regarded as probably in error because of delayed faecal excretion of the marker (Barltrop et al., 1977) . In this subject the calculated endog¢nous faecal excretion ofmarker was very high (9* 3 %) and A and E for natural calcium were also each anonralously high. 
